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Recent  studies  on  biochemical  changes  in  animals  experimentally 
infected  with  trypanosomes  have  clearly  demonstrated  that  disturb- 
ances  in  the  acid-base  equilibrium  of  the  blood  are  of  fundamental 
significance in the pathogenic action of these organisms. 
Kligler, Geiger, and Comaroff (1), working with T. evansi in rats, found that the 
lactic acid content of the blood increased progressively as the number of trypano- 
somes increased, until before death it stood at a figure three or four times normal. 
Linton (2), who used T. equlperdum in his experiments, determined  the  CO.~-com- 
bining  capacity of the  sermn  throughout  the  disease  in  rats.  Beginning  at  a 
relatively early stage,  the alkali reserve was lowered,  and a  moderate to  severe 
acidosis  was  present.  There  was  no  regularly  greater  depletion  of  the  alkali 
reserve in the later stages of the disease.  On the contrary, the variation between 
different animals was considerable.  Andrews, Johnson, and Dormal (3),  who also 
worked with T. equiperdum,  found similarly that "the trypanosome-infected  rats 
suffered for some time  before their  demise with  a  non-volatile acidosis."  The 
average figures for the CO2-combining capacities derived from their experimental 
animals led them to believe, however, that the acidosis was confined to the later 
stages of the disease.  Their results also indicated that the pH of the blood was 
abnormally low at death. 
Linton (4) has compared the biochemical changes in fatal trypanosome infec- 
tions and in non-fatal ones due to T. lewisi.  He showed that the CO~- combining 
capacity remained  normal  in  animals  infected  with  T.  lewisi.  While  a  given 
concentration of T. equiperdum per cubic millimeter caused a  definite lowering of 
the COs-combining capacity, a like concentration of T. lewisi was unaccompanied 
by any change in the alkali reserve.  The ability of T. equiperdum  to affect the 
host adverselyin respect to the alkali reservewasnot, therefore, due to the numbers 
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of the organism, but to some peculiarity in its metabolism, the result of which was 
to reduce the CO~-combining capacity.  In this conclusion  he differed  from the 
opinion expressed by Andrews and his collaborators, who have invoked a mechani- 
cal cause for the lethal effect of T. equiperdum.  As will  be pointed out in the 
discussion,  these two views are not mutually exclusive. 
In view of what has been ascertained in regard to acid-base changes 
in  infections with pathogenic  trypanosomes,  it  seemed of interest  to 
study the effect of an artificially induced acidosis upon infections with 
T. lewisi,  thus  reproducing for this organism a  chemical environment 
in  the  blood somewhat  similar to  that  in  which  other  trypanosomes 
exhibit such a high degree of virulence. 
Technique 
The alkali reserve in rats was lowered by the intraperitoneal injection of ammon- 
ium chloride  in 2 per cent solution.  The solution was freshly made at intervals 
of 2 or 3 days as it is easily contaminated with fungi.  Ammonium chloride  has 
been employed by a number of workers to produce an acidosis.  The literature on 
its use has been reviewed by Seegal (5), who also discusses the probable manner in 
which it acts to increase the hydrochloric acid metabolism.  Varying amounts of 
this solution were given in doses of 0.25 cc., usually at intervals of 20 minutes, and 
the trypanosomes were counted at intervals during and after the course of injec- 
tions.  Dyspnea was always present in the animals after two or three injections, 
and was the chief symptom, although some of the animals showed considerable 
weakness.  All recovered perfectly within a few hours after the last injection. 
The  CO2-combining  capacity of normal  rats  lies  within  the  same 
range of variation as that of man, that is, from 55  to  75 volumes per 
cent.  To  test  the  effect of  the  injection  of ammonium  chloride  on 
normal animals, nine rats were given four injections of the 2 per cent 
solution at intervals of 20 minutes.  At the end of the hour they were 
anesthetized with sodium amytal, bled from the heart at intervals from 
10 minutes to 4 hours, and the COs-combining capacities of their sera 
determined.  The results are shown in Table I.  As would be expected 
from determinations on a series of animals, instead of on a single one, the 
figures obtained are not absolute functions of the elapsed time.  Never- 
theless,  in  each  of  the  first  seven  animals  a  moderate  acidosis  was 
present.  In the last two  the  CO~-combining capacities had  returned 
to  normal,  indicating  the  restoration  of  the  buffers  to  their  proper 
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as previous work (4) has shown.  This experiment served to indicate 
the time limits within which the ammonium chloride could be expected 
to affect the alkali reserve, and these limits were taken into account 
in the  experiments. 
Table  II  gives  complete  protocols  for  two  of  the  experimental 
animals  (Rats 6  and  11),  to illustrate  the general plan  according to 
which the experiments were carried out.  As the protocols show, the 
trypanosomes were first counted, the rats were then given two or three 
injections of the ammonium chloride solution, and the concentration 
TABLE  I 
Carbon Dioxide-Combining Capacities  of the Sera of Normal Rats after the Intra- 
peritoneal  Injection of ICc. of a 2 Per Cent Solution of Ammonium Chloride in 
0.25 Cc. Amounts at 20 Minute Inter~als 
Rat No.  Interval after final injection  CO2 capacity 
mln. 
10 
15 
20 
20 
40 
5o 
hr$. 
1½ 
3½ 
4 
~ol. per cent 
51.2 
49.3 
51.2 
41.5 
35.9 
52.1 
39.6 
62.8 
61.1 
of trypanosomes again determined.  The counts were made on blood 
from the tail vein.  It was found that the effect of ammonium c~loride 
was cumulative to a certain degree, and accordingly as the experiment 
progressed the doses were given at less frequent intervals. 
Rat 11 was given 1.5 cc. of ammonium chloride in six doses during a period just 
under 4 hours.  The final trypanosome count was made at the end of 5 hours and 
showed that the parasites had increased 300 per cent over the preliminary count. 
In Rat 6, which had a total of 1.0 cc. of ammonium chloride in four injections 
during an hour and a quarter, the parasites increased  146 per cent in the 2] hours 
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Table III summarizes all of the experiments, but gives only the total 
increases and decreases of trypanosomes, the percentages changes, and 
the total amount of ammonium chloride injected.  It also includes, as 
controls, a number of rats with T. lewisi infections, but without injec- 
tions of ammonium chloride.  The data are arranged according to the 
number of parasites  per  cubic millimeter,  both before and  after the 
TABLE II 
General Plan of the Experiments,  Illustrated by Complete Protocols of Two Animals 
Amount NH4C1  Percentage  rotal percentage 
Rat No.  Hour  Trypanosomes  injected  increase  increase 
11 
p.m. 
12:30 
12:45 
1:05 
1:25 
1:50 
2:00 
2:55 
3:15 
4:20 
4:4O 
5:45 
per c.mm, 
11,950 
20,050 
27,500 
35,800 
53,300 
cc. 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
66 
37 
30 
47 
Total NH4C1 given: 1.5 cc.; time: 5¼ hrs. 
1:20  71,000 
1:30 
1:50 
2:10  121,500 
2:15 
2:45  139,150 
2:45 
4:00  174,800 
0.25 
0.25 
70 
0.25 
14 
0.25 
25 
Total NH4C1 given: 1.0 cc.; time: 2] hrs. 
127 
200 
340 
95 
146 
crisis.  Inspection of Table III shows:  (1) that the injection of ammon- 
ium chloride in the first period of the infection causes a  marked and 
rapid rise in the number of trypanosomes;  (2)  that in the second and 
third periods on the ascending curve the increase is progressively less 
marked,  and closer to that shown by the controls, although it is still 
considerably greater  than  the  control  increases;  (3)  that  near  the RICHARD  W.  LINTON  AND  H.  A.  POINDEXTER  673 
crisis  the  acidosis  is  without  effect  in  increasing  the  number  of  try- 
panosomes.  This  point  is illustrated  by  Rat  17, which  was  given  1.5 
TABLE  III 
Percentage Change in Numbers of T. lewisi Per Cubic Millimeter,  in Animals with 
and without  Injections of A mmonium Chloride 
Variation in  Percentage  Amount of NH4CI  Rat No.  thousands  increase  From  To  Ante crisis  observation  injected 
1.  Control 
2.  Acidosis 
3.  Acidosis 
4.  Acidosis 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
Control 
Control 
Acidosis 
Acidosis 
Acidosis 
Control 
Control 
Acidosis 
Acidosis 
Acidosis 
Control 
Acidosis 
Acidosis 
Acidosis 
19.  Control 
20.  Control 
21.  Control 
22.  Acidosis 
23.  Acidosis 
24.  Acidosis 
25.  Acidosis 
26.  Acidosis 
14  -  21 
12  -  53 
11  -  53 
14  -  43 
31 
56 
25 
40 
71 
117 
155 
110 
164 
123 
174 
195 
187 
201 
155 
98 
66 
213 
101 
69 
200 
59 
-  40 
-  68 
-  112 
-  114 
-  175 
-  129 
-  161 
-  136 
-  213 
-  187 
-  185 
-  224 
-  201 
-  215 
-  151 
-  90 
-  59 
-  203 
-  94 
-  66 
-  172 
-  52 
50 
340 
380 
270 
29 
2l 
348 
185 
146 
10 
4 
23 
30 
52 
6 
14 
7 
7 
Percentage 
decrease 
Post crisis 
2 
8 
10 
5 
6 
4 
9 
12 
Hours of 
C¢. 
4  0 
S~  1.5 
5½  1.0 
4~  1.5 
4  0 
4  0 
7  1.5 
4½  1.0 
2~  1.0 
3~  0 
4½  0 
2  0.75 
4½  O. 75 
s½  1.s 
4]  o 
31  1.25 
81  1.5 
4¼  1.5 
4 
4 
4½ 
1½ 
2 
1½ 
6 
0 
0 
0 
0.75 
0.75 
0.75 
0.75 
1.75 
cc.  of ammonium  chloride  and  observed  over  a  period  of  8-~ hours;  it 
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(4)  that  after  the  trypanosomes have begun to disappear  from  the 
blood, the injection of ammonium chloride has no influence upon their 
numbers, either to increase or decrease them.  In each case a decrease 
was noted, and the percentage value found was of the same order as 
in the controls. 
It is clear from this table that the injection of ammonium chloride 
does not change the fundamental life cycle of T. lewisi.  At the crisis, 
it is apparently impossible to force a further number increase from the 
trypanosomes; nor does the peak number of the infection rise higher in 
the treated animals than in those which remained untreated.  A possi- 
ble explanation  for these facts will be discussed below. 
Mechanism  of ,he Increase 
Three possibilities present  themselves to account for the observed 
increases in trypanosomes: 
1.  The  ammonium  chloride  acts upon  the inner  organs,  contracts 
their  capillaries,  and  forces  the  trypanosomes  into  the  peripheral 
circulation.  The increase under these conditions would be apparent 
only, and would not represent a  real increase in the total number of 
organisms  in the body.  While ammonium  chloride is not known  to 
have  such  an  effect upon  the  smooth  musculature,  it  was  thought 
worth while to test the possibility by actual experiment.  The follow- 
ing experiments were therefore carried out.  (a)  Ammonium chloride 
was injected into  normal  rats.  If the  solution  acts  in  the  assumed 
way upon the capillaries (e.g. of the spleen), the peripheral erythrocyte 
count  should  be  increaseed.  Ammonium  chloride,  however,  either 
had  no  effect upon  the peripheral  concentration  of erythrocytes,  or 
actually  caused  a  slight  decrease.  For  example,  the  injection  of  a 
total of 1.5 cc. during  1½ hours was followed by a decrease in the red 
blood cell count from 5,940,000 to 5,510,000 in 1½ hours and to 5,660,- 
000  in  2  hours.  Pilocarpine  given  to  a  normal  rat  increased  the 
red cell count from 6,740,000 to 6,910,000 in 40 minutes and to 7,380,- 
000  in  1½  hours.  (b)  If numbers  competent  to  cause  the  observed 
increase after ammonium chloride injections are being held in the inner 
capillaries,  the  injection  of  a  substance  known  to  contract  these 
capillaries should bring about increases in numbers in the peripheral 
circulation.  Accordingly,  pilocarpine  was  injected  into  an  infected RICHARD  W.  LINTON  AND  H.  A.  POINDEXTER  675 
rat.  Altogether, 3.5  rag.  were given,  and  the resulting increase  in 
trypanosomes, from 88,000 to 98,000  (11 per cent) in 4~ hours, was of 
the same order as that found in uninfluenced infections. 
It is evident from these experiments that the injection of ammonium 
chloride does not draw the trypanosomes from some inner reservoir 
into the peripheral circulation. 
2.  The second possibility is that the increase results from increased 
reproduction  of  the  trypanosomes.  Taliaferro  and  Taliaferro  (6) 
have demonstrated that the rate of reproduction of T. lcwisi may be 
determined by finding the variation in length of the trypanosomes. 
When reproduction is proceding rapidly, this variation will be greater 
than when reproduction is infrequent.  The size variability within a 
given sample is expressed by the coefficient of variation (C.V.).  The 
details of the method may be found in their paper.  If the coefficient 
of variation is significantly greater after ammonium chloride injections 
we would be justified in concluding that the rate of reproduction had 
been increased. 
The results of this study, which was made on nine rats, are given in 
Table IV.  Five of the animals (2, 4, 5, 7, and 9) showed larger coeffici- 
ents of variation at the end of the experiment than at the beginning; 
two  (3  and 8)  showed an increase followed by a  decrease; while the 
remaining two (1 and 6) had decreases in this figure.  From the data 
on each animal, the standard deviation of the coefficient of variation 
was calculated, and also the standard deviation of the difference be- 
tween each two successive determinations (~_ y).  This difference is 
expressed in the last column.  From inspection of these figures it is 
evident that in all cases save two the standard deviation of the differ- 
ence is equal to or greater than the difference itself.  In the two cases 
where the difference is  greater  than  the  standard  deviation of the 
difference, the difference itself represents a  fall in the coefficients of 
variation.  These two  cases are Rat  3  (4.2  -+-1.84) and Rat  8  (3.5 
 0.92). 
It seems probable from these figures that the differences between the 
coefficients of variation are due to sampling and technique, and are 
not  the  result of actual  variations  in  the  reproductive rate  of the 
trypanosomes.  One  may  conclude  further  that  the  injection  of 
ammonium chloride does not affect the reproduction of T. lewisi. 676  ARTIFICIAL ACIDOSIS IN T. LEWISI INFECTIONS 
TABLE  IV 
Rate of Reproduction of Trypanosama lewisi in Rats, before and after Injections of 
Ammonium  Chloride 
Rat 
No. 
6* 
Difference 
5.5 4-3.66 
2.7 4-3.48 
0.6 -+2.05 
4.2 4-1.84 
2.5 4-3.51 
0.6 4-3.36 
5.3 4-3.44 
1.3 4-4.3 
0.1 -4-2.36 
0.5 +2.34 
0.4 4-2.34 
* Smaller doses of ammonium chloride were given to  this animal than to the 
others. RICHARD  W.  LINTON  AND  H.  A.  POINDEXTER 
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Variation. Percent-  Total  Stand-  Coeffi-  Stand- 
Rat  Thou-  ard  Mean  cient of  ard de- 
age  amount  Time  devia-  length  variation  viation  No.  sands per  increase NH4CI  c.mm.  tion  (C.V.)  o[ C.V. 
rain.  ~  microns 
83  7.47  29.9 
to 
92  11  0.5  40  8.63  29.9 
to 
96  4  0.5  30  ] 7.78  28,2 
to  hrs.  i 
102  6  0.5  1  6.96  27.8 
to 
109  7  0.0  1  7.31  31.7 
187  2.16  29.5 
to 
192  1.5  0.75  6  2.6  31.2 
to 
201  4.6  0.75  3  1.34  28.0 
201  2.05  29.1 
to 
204  1.5  0.75  1½  2.28  28.1 
to 
215  0.75  3  2.57  i30.7 
c x..y  Difference 
24.9 
2.7  3.9 ±2.7 
28.8 
2.78  1.3 ±2.78 
27.5 
2.54  2.5 ±2.54 
25.0 
2.33  2.0±2.33 
23.0 
7.3 
1.08  0.9 ±1.08 
8.2 
0.92  3.5 ±0.92 
4.7 
7.0 
1.06  1.1 ±1.06 
8.1 
1.16  0.2:k1.16 
8.3 
3.  As the Taliaferros have stated, the number of parasites in the 
blood  at  a  given  time  equals  those produced by reproduction less 
those destroyed by the host's defense mechanism.  Since  the  possi- 
bility of increased reproduction has been eliminated, and since ammon- 
ium chloride itself does not increase the peripheral concentration of 
trypanosomes by contracting the capillaries  of the inner organs, it is 
evident that the observed increases must result from a lessening of the 
number of  trypanosomes being  destroyed.  Although  the  evidence 
for this statement is indirect, it is difficult to see from what other source 
the increase could come than from the inhibiting effect of the hydro- 
chloric acid upon the destructive mechanism, whether this be cellular 
or humoral. 
DISCUSSION 
The increased numbers of trypanosomes in  the blood,  under the 
conditions of these experiments, probably represent those arising from 678  ARTIFICIAL  ACIDOSIS  IN  T.  LEWISI  INFECTIONS 
a  normal  rate of reproduction  plus the  unusual  number which have 
escaped  destruction.  That  the  observed  increases  are  large  in  the 
early stages of the disease and  small or absent during  and  after the 
crisis finds its explanation,  under the same hypothesis, in the known 
fact that the destructive mechanism for T. lewisi is at a minimum early 
in  the  infection,  and  is  therefore  easily  inhibited  by  ammonium 
chloride.  As already pointed out, we have not been able to influence 
fundamentally  the normal  life cycle of this parasite,  an observation 
explainable on the basis that the destructive mechanism becomes more 
active and efficient as the disease progresses, so that  the injection of 
even large amounts of ammonium chloride over relatively long periods 
of time is without effect. 
Kligler,  Geiger,  and  Comaroff  (1)  have  performed  experiments 
which  are,  in  a  way,  the  reverse of those  reported  here.  They at- 
tempted  to  mitigate  the  acidosis  and  to  restore  the  alkali  reserve 
to normal levels in infected rats by the injection of sodium bicarbonate 
throughout  the course of the disease.  The length  of life of animals 
so treated  was nearly  50  per  cent greater  than  in  the  uninfluenced 
controls.  Since they did not report  actual  counts of trypanosomes, 
it is impossible to know whether the rate of increase was slower in the 
bicarbonate-injected animals  than  in the controls.  Their results are 
highly suggestive, however, in view of the work reported here. 
We have similarly attempted,  with our strain of T. equiperdum,  to 
increase the length  of life of infected animals.  In  this  undertaking 
we were unsuccessful in  that  the  treated  rats,  which were given in- 
jections of 0.5 cc. of 4 per cent NaHCO3 at 2 hour intervals,  died at 
about the same time as the control animals,  that is, in from 48 to 72 
hours.  The virulence of our strain,  as is evident,  is extremely high, 
and correspondingly difficult to influence, while the T. evansi used by 
Kligler and his coworkers caused a much more extended disease, which 
lasted,  in  the  experiments  cited,  for  18  days on  the  average  in  the 
control rats.  The difference in our results may find its explanation in 
this  fact. 
Andrews and his collaborators (3), who used a  strain of T. equiper- 
dum only slightly less virulent  that ours, were also unable to extend 
the life of infected rats by means of injections of sodium bicarbonate. 
It is suggested that the pathogenicity of T. equiperdum, in its early RICHARD  W.  LINTON  AND  H. A. POINDEXTER  679 
growth stage in  the rat,  is intimately bound up with an enzymatic 
peculiarity of its metabolism which leads it to form organic acids from 
carbohydrates.  The  accumulation  of  these  acids  depresses  the 
destructive mechanism in the host,  as we have shown to happen in 
artificial acidosis in T. lewisi infections.  The suppression of defense 
is practically complete.  In the case of infections of this type, Talia- 
ferro  and  Taliaferro  (6)  have  shown  that  there  is  no  appreciable 
parasiticidal action.  With the accumulation of acid, and the conse- 
quent absence of defense on the host's part, a basis is laid for the events 
which follow--anorexia and death from asphyxia.  It seems possible, 
Irom the work of Andrews and his  collaborators,  that  these events 
include  an  agglutination  of  the  trypanosomes.  The  agglutination 
which they describe as occurring "for reasons unknown at present," 
should  be  investigated  further for  a  possible  relationship  to  "acid 
agglutination."  In  any  event,  we  believe  that  the  suppression  of 
destruction of the trypanosomes begins at a much earlier stage in the 
infection  and  does  not  therefore exclude  the  possibility  of  a  later 
spontaneous aggultination. 
From the biochemical point of view, T. lewisi may be supposed to 
have the enzymatic peculiarity of breaking carbohydrates completely. 
Its  host  consequently  suffers  no  metabolic  derangement,  and  the 
organism is therefore not pathogenic, in so far as pathogenicity means 
power to injure the host.  In the study cited above (4), Linton showed 
that  the factors which varied in  infections with  T.  equiperdum,  i.e. 
lipoid phosphorus, lecithin, CO2-combining capacity, and liver glyco- 
gen, were unchanged in T. lewisi infections; nor was the blood sugar 
concentration changed by this organism (7). 
Trypanosoma  lewisi  infections  cannot,  of  course,  be  considered 
purely from a biochemical standpoint, since the host-parasite relations 
have biological peculiarities  such as the production of trypanolytic 
antibodies,  and  the reproduction inhibiting  substance of Taliaferro. 
In spite of this complication, however, it still serves as a  useful bio- 
chemical contrast in the study of the pathogenic trypanosomes. 
SUMMARY  AND  CONCLUSIONS 
When the alkali reserve is artificially lowered in rats infected with 
Trypanosoma lewisi, the number of parasites in the blood is increased. 680  ARTIFICIAL ACIDOSIS  IN  T.  LEWISI  INFECTIONS 
The increase is large in the early stages of the disease,  and becomes 
less marked as the number crisis is approached.  Near the crisis,  and 
after  it,  a  lowered  alkali  reserve  does  not  affect  the  number  of 
trypanosomes. 
It has been shown that the observed increase does not result from a 
contraction of the capillaries of the inner organs, which would throw 
a large number of trypanosomes into the peripheral circulation; nor is 
the increase due to a greater reproductive activity on the part of the 
trypanosomes.  The increase must,  therefore, be due to an inhibition 
of the destructive forces of the host. 
It is suggested that the known production of organic acids by  the 
pathogenic trypanosomes plays a similar r61e in inhibiting the destruc- 
tive mechanism of the host,  and  is  therefore of significance in  the 
pathogenic activity of these organisms. 
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